Total Synthesis and Stereochemical
Reassignment of (t)-Indoxamycin B
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Isolation

Indoxamycin A: R1 = CH;, R2 = CH,, R3 =CH,4, R4 =CH, Indoxamycin F
Indoxamycin B: R1 = CH,0OH, R2 = CH;, R3 = CH;, R4 =CH,
Indoxamycin C: R1 = CH;, R2 = CH,OH, R3 = CH,, R4 =CH,
Indoxamycin D: R1 = CH,, R2 = CH;, R3 = CH,0OH, R4 = CH,
Indoxamycin E: R1 = CH,, R2 = CH,, R3 =CH,, R4 = CH,OH

Isolated from saline cultures of marine-derived actinomycetes

w Structure assigned by MS and NMR ('H, *°C, HMBC, NOSEY) and chemical
methods (Mosher Ester Analysis)

® Indoxamycins A and F have been shown to display growth inhibition against

HT-29 tumor cell lines (IC 5= 0.59 um and 0.31 um, respectively).

Sato, S.; lwata, F.; Mukai, T.; Yamada, S.; Takeo, J.; Abe, A.; Kawahara, H. J. Org. Chem. 2009, 74, 5502 — 5509.
Sato, S.; lwata, F.; Yamada, S.; Takeo, J.; Abe, A.; Kawahara, H. (Nippon Suisan Kaisha, Ltd.), WO 113725, 2010.
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= §,5,6-Tricyclic carbon skeleton with

six contiguous asymmetric centers

Three quaternary stereo centers

Tri-substituted alkene side chain

® a,B-unsaturated carboxylic acid
side chain

stereochemical
reassignment

indoxamycin B indoxamycin B
[originally assigned structure] [revised structure]
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Retrosynthetic Analysis

Allene

Wittig Hydroalkoxylation .
>
HWE Saucy Marbet \
OTBS Rearrangement OTBS

Carboannulation

COOMe
sequence .
>
0

= Saucy-Marbet Rearrangement (Propargyl Claisen)
= Allene Hydroalkoxylation
® Oxidative Carboannulation
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Saucy-Marbet Rearrangement

propargyl vinyl ether -> B-keto allene

0" orps  [(PhsPAu)3OIBF (1.0 mol%) 4 HO
CH.Clp, rt; A
Ph” OTIPS
95%ee w49 Lo,
81% yield, 94% ee, >20:1 dr
Gold catalyzed reaction
Stereo-specific

Saucy, G.; Marbet, R. Helv. Chim. Acta. 1967, 50, 1158 — 1167.
Sherry, B. D.; Toste, F. D. J. Am. Chem. Soc. 2004, 126, 15978 — 15979.
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Synthesis

1. t-BuOH(1.05 eq) 0
NH/THF Li(2.2 eq) 1. p-TSA, Me,C(OMe),
then PivOCH,I 96% 3 steps
> >
2. LAH, THF OH 2. Pd/C (2.5 mol%)
COOMe OH K,CO5 (25 mol%) o. O
t-BuOOH (2.5 eq) 7(

CH,Cl,, 61%

Pd(OAc), (10 mol%)
O, (atmosphere)

DMSO, 74%

| ¢-BuOK (3 eq) OSiEt;
Cp,TiCl, (3 eq.) OH [18]-cr-6 (3 eq), THF
n-BulL.i (6 eq) then Et;SiCl (3 eq)
» » X

/\)\ oxo
(1.5 eq) °7<°

THF, 62%

#  Reluctant to undergo conjugate addition —> anionic oxy-Cope
® Saguesa type oxidative carboannulation
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Au(l) Catalyzed Reaction

o 1. TBSCI, NEt,, o
1.1 M HCI DMAP, CH,C, W\
THF, 100% 88%
> >
2. [VO(acac),] (5 mol%), 1 OH 2. DMP, CH,Cl,, 95% i o
t-BuOOH, A (2.5 mol%) [o) 3. HCCCH-Br [o)
) . 221,
4 A MS, CH,Cly, 75% OH KH, [18]-cr-6 oTBS

[(Ph;PAu);0]BF,
(1 mol%), 1,2-DCE
84%

S = A: 4,4"thiobis(2-
tert-butyl-5-
Ho on methylphenol)
Indoxamycin B
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1. LIBHEt,
THF, 80%

2. B (10 mol%)
AgOTs (10 mol%)
PhMe, 72%

= B: chloro[2-(di-tert-
butylphosphino) HO
biphenyl]gold(l)

\.




Side Cham Installation

1. Sml, (1.0 eq)
THF, MeOH

Methyl diethyl-
100% d.r.=3.2:1

phosphonoacetate
- -
2. DMP, CH,CI, NaH, THF, 92%
97%,d.r.=3.8:1 dr.=3.6:1
1. Mn(dpm)3
(10 mol%)
1. BH; tBuNH, (2 eq) 0O,, PhSiH;
CH,Cl,, 88% EtOH, 49%

>
2. Burgess' reagent (2 eq)

2. DMP, CH,Cl,
PhMe, 44%

85%

COOMe

DBU (5 eq) 1. EtPPh;Br, KHMDS
PhMe, 58% THF-HMPA, 80%
> o
dr.=6:1 2. LiOH (18 eq) 7
then 1 M HCI (53 eq) HO s
3% ¢
COOH

1.6 : 1 mixture of

olefin isomer IndoxamyCln B
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Spectrum Conflict

stereochemical

reassignment
CO,H

indoxamycin B indoxamycin B
[originally assigned structure] [revised structure]

4
4
: = Neither isomers match the
'!i L | I8 natural product
AL ordoeee = Inconstant on 'H 13C
vii5 AL
- 322
ﬁjﬂ 5.I5 ' 5.10‘ . ISID 5'5 5.'0,
f1 (ppm) f1 (ppm)
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Structure Reassignment

1. Mn(dpm);
(10 mol%)
O,, PhSiH; EtPPh;Br
EtOH, 73% KHMDS
- o
2. DMP, CH,CI, THF-HMPA
72% 80%
OTBS °©
25:1t015:1
E : Z ratio
separable

1. BH; tBuNH, (2 eq)

Methyl diethyl-
CH,Cl,, 79%

1.Sml, (1.0 eq)

THF, MeOH, 99% phosphonoacetate
o > o
2. DMP, CH,CI, NaH, THF, 99% 2. Burgess' reagent (2 eq)
100% PhMe, 69%

LiOH (10 eq)
then 1 M HCI (29 eq)
96%
L.

= Pottasium Salt HO
data matches 00H Indoxamycin B

/\ W
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Summary

= The first synthesis of (t)-Indoxamycin B and their family
members (24 steps 1% overall yield)

® Sigma tropic rearrangement

w Various metal used (Li, Pd, Ti, V, Au, Sm, Mn)

@ Structure reassignment
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